Gamification refers to the introduction of gaming elements such as scores and leaderboards in non-6 gaming contexts. While there is growing evidence that gamification has positive effects on 7 intrinsic motivation and engagement, it is largely unknown whether these effects translate to 8 improved cognitive performance. Here, we examine whether gamification affects performance on 9 a visual working memory (VWM) task. In Experiment 1, we gamified a standard delayed-10 estimation task by introducing scores and a leveling system. On each trial, the subject's estimation 11 error was mapped to a score between −100 and +100 and added to their total score. Subjects started 12 at a set size of 1 and "leveled up" to the next set size each time they had accumulated 1,500 points.
INTRODUCTION
. Overview of participants. E0 refers to the estimation error (in degrees) at which the 81 scoring function mapped to a score of 0 points (see Figure 1B ). 1 The room contained two ceiling-mounted fluorescent lamps. The one farthest away from the experimental setup was turned on and the other on was turned off. However, a number of subjects reported that the lamp closest to the setup had spontaneously turned on during the experiment, possibly due to a technical error in the lamp's motion detector. Moreover, one subject was accidentally tested in a completely darkened room. We designed a custom questionnaire to obtain insight into aspects related to a subject's 162 motivation (a copy of it can be found at https://osf.io/gb2kd/). The first part consisted of items 163 similar to the ones found in the Intrinsic Motivation Inventory (IMI; McAuley, Duncan, & 164 Tammen, 1989; Ryan, 1982) , such as "I found it interesting" and "It was important for me to 165 perform well". These items measured motivation in four categories: Interest (items 1, 3, 6, and 8), 166 Perceived Competence (items 5 and 9), Pressure/Tension (items 4 and 10), and Effort/Importance 167 (items 2, 7, and 11). All items were rated on a 1 to 7 integer scale. The second part of the 168 questionnaire consisted of items probing the subject's mood ("bored", "frustrated", etc.) in relation 169 to different set sizes. On hindsight we found no use for the data from the second part and did not 170 include them in the analyses. BFincl indicates the probability of the data under models that includes a main effect of the specified 181 factor relative to the probability of the data under models that do not include this main effect. We 182 use the scale provided in Table 1 and Effort/Importance. For each subject, we compute a single score for each category by averaging 189 across all items within that category. We find that on average, subjects in the gamified conditions 190 reported higher scores in all categories than control subjects ( Figure 2 ). Bayesian t-tests reveal extremely strong evidence for a difference in the category of Interest (BF+0=172), strong evidence 192 in the category of Perceived Competence (BF+0=88.8), and moderate evidence in the category of 193 Effort/Importance (BF+0=3.19). In the category of Pressure/Tension, there was weak evidence in 194 favor of the null hypothesis (BF10=0.32). Based on Bayesian ANOVAs with task difficulty as a 195 fixed factor and subject as a random factor, we find for none of the motivation categories evidence 196 that task difficulty affects the self-reported motivation scores (Interest: BF10=0.13; Perceived 197 Competence: BF10=0.28; Pressure/Tension: BF10=0.64; Effort/Importance: BF10=0.18). In 198 summary, these data suggest that subjects in the gamified conditions found the task more 199 interesting, felt more competent, and possibly put more effort into it than control subjects. 2.8.2. Effect of task difficulty on VWM performance. Before we compare performance in the 204 gamified conditions with performance in the control condition, we examine whether there is a 205 difference in average performance between the four gamified conditions. To this end, we perform 206 a Bayesian repeated-measures ANOVA with condition number as a between-subject factor, set 207 size as a repeated measure, and the circular variance of the estimation error as the dependent 208 variable. To avoid the results being affected by "survivor bias", we restrict all analyses of 209 performance to set sizes for which we have at least 15 measurements for each subject, i.e., set sizes 210 1 to 4 (at higher set sizes, we lack data for at least one subject in the more difficult conditions).
211
The result of this test provides moderate evidence for the null hypothesis that there is no difference 212 in average performance between the gamified conditions (BFincl=0.22). Since both the motivation indicating an improvement in performance ( Figure 4B, right) . Since this effect is opposite in 281 direction from what one would expect as a result of the drops observed in Interest and 282 Effort/Importance, we believe that it is best interpreted as a learning effect.
283
In summary, the results of the comparison between rounds suggest that gamification helps 284 to keep subjects more interested and engaged in the task over a longer period of time. Moreover,
285
we find indications of a learning effect in the gamified conditions, but not in the control condition.
286
One potential explanation is that the sustained engagement of subjects in the gamified tasks was 287 beneficial for learning. However, the lack of a learning effect in the control condition may just as 288 well have been due to lower statistical power (only 12 subjects compared to 50 in the gamified 289 conditions). Most importantly, consistent with the previous analyses, we find no evidence that 290 higher motivation is accompanied by better VWM performance. 
Set size
The time spent on invalid trials was added to the round time, such that each subject spent 30 361 minutes on valid trials, regardless of the number of invalid trials. Fourth, we added a 30-second 362 forced break between set sizes; after those 30 seconds, subjects could resume the experiment by a 363 keypress whenever they felt ready. Finally, we increased the number of practice trials from 5 to 7 364 to demonstrate what would happen when breaking of fixation. Figure 5D , right). We again find evidence for the null hypothesis that there is no effect of reward
